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Abstract: Interleukin (IL)-15 and IL-17 are thought to play an important role in the 
pathogenesis of rheumatoid arthritis (RA) because both pro-inflammatory cytokines are 
found in synovial fluid of RA patients. In this study, we examined the pharmacological 
profiles of Y-320, a new phenylpyrazoleanilide immunomodulator. Y-320 inhibited IL-17 
production by CD4 T cells stimulated with IL-15 with IC50 values of 20 to 60 nM. Oral 
administration of Y-320 (0.3 to 3 mg/kg) significantly inhibited the development and 
progression of arthritis and joint destruction with reduction of IL-17 mRNA expression in 
arthritic joints of type II collagen-induced arthritis (CIA) in DBA/1J mice. Y-320 in 
combination with anti-murine tumor necrosis factor-a monoclonal antibody showed a 
synergistic effect on mouse CIA. Moreover, therapeutic treatment with Y-320 (0.3 and 
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1 mg/kg orally) ameliorated CIA in cynomolgus monkeys. Our results suggest that Y-320, 
an orally active inhibitor for IL-17 production, provides a useful therapy for RA. 

Keywords: interleukin 15 (IL-15); interleukin 17 (IL-17); phenylpyrazoleanilide; Y-320; 
immunomodulator; collagen-induced arthritis (CIA); rheumatoid arthritis (RA) 



1. Introduction 

Rheumatoid arthritis (RA) is a chronic autoimmune disease in which imbalances in pro- and 
anti-inflammatory cytokines promote induction of autoimmunity, inflammation and joint destruction [1]. 
Interleukin (IL)-15 is a pro-inflammatory cytokine associated with several autoimmune diseases, 
particularly rheumatoid arthritis [2,3]. IL-15 has biological activities similar to IL-2 because IL-15 
receptor (IL-15R) complex consists of CD 125 (IL-15Ra) specific for IL-15, CD 122 (IL-2Rp), and 
CD 132 (IL-2Ry) [4,5]. It has been reported that IL-15 is produced excessively in the joints of 
rheumatoid arthritis (RA) patients and induces recruitment of T cells to arthritic joints and activates 
T cells to induce tumor necrosis factor (TNF)-a production [6-8]. In type II collagen- induced arthritis 
(CIA) in DBA/1J mice, the treatment with soluble mouse IL-15Ra or antagonist mutant of murine 
IL-15/Fc fusion protein inhibits development of CIA, joint destruction, and production of anti-type II 
collagen antibodies [9,10]. Furthermore, it has been demonstrated that the treatment with a monoclonal 
antibody (mAb) against human IL-15 (HuMax-IL15) ameliorates symptoms of active RA patents [11]. 
Recently, it has been reported IL-15 can induce IL-17 production by CD4 T cells [12]. 

IL-17 is a pro-inflammatory cytokine produced by various types of cells including CD4 T cells 
which are categorized as a new subset called Thl7 cells [12-18]. IL-17 induces the production of IL-6, 
IL-8, CC chemokine ligand 2 (CCL2), granulocyte-macrophage colony-stimulating factor, matrix 
metalloproteinases, and prostaglandin E 2 in various types of cells including macrophages, fibroblast 
cells and synovial cells [19]. It has been documented that CIA is significantly inhibited in IL-17 
deficient mice or by treatment with anti-IL-17 mAb [20-22]. Furthermore, high levels of IL-17 as well 
as IL-15 were detected in synovial fluid of RA patients [8]. Based on these findings, IL-15 and IL-17 
are thought to play an important role in the pathogenesis of RA. 

In the research for a new orally active immunomodulator, we found a phenylpyrazoleanilide with a 
4-hydroxypiperidine group (compound 1) which inhibits proliferation of murine T cells induced by 
phorbol-12-myristate-13 acetate/calcium ionophore (A23187) and that of CTLL-2 cells induced by 
IL-15 [23]. Further chemical modification and optimization of 1 as a lead compound, we discovered a 
new immunomodulating compound, l-(4-chlorophenyl)-A r -[3-cyano-4-(4-morpholinopiperidin-l-yl)- 
phenyl]-5-methylpyrazole-4-carboxamide (Y-320), which potently inhibits IL-15-induced murine 
T cell proliferation and ameliorates CIA in DBA/1J mice (Figure 1) [24]. In the present study, 
we demonstrate that Y-320 inhibits IL-17 production by CD4 T cells stimulated with IL-15 and shows 
therapeutic effects on CIA in mice and cynomolgus monkeys. 



Pharmaceuticals 2014, 7 



3 



Figure 1. The structures of the lead compound 1 and Y-320. 




2. Experimental Section 

2.1. Chemistry 

Melting points were determined in open capillary tubes with a Buchi 530 apparatus. ^-NMR 
spectra were recorded on JEOL a JEOL GSX-400 (400 MHz) spectrometer (Tokyo, Japan), using 
tetramethylsilane as internal standard. Elemental analysis was performed on a Yanaco Group 
CORDER MT-6. Mass spectra (MS) were recorded on a JEOL JMS-700 instrument. IR spectra were 
recorded on JIR-6500W instrument. All chemicals and solvents were purchased from Sigma-Aldrich 
(Tokyo, Japan) and used without further purification. The synthetic scheme for Y-320 is shown in 
Scheme 1 . 4-Morpholinopiperidine (6) and an equimolar of triethylamine were added to a solution 
of 2-chloro-5-nitrobenzonitrile (5) in acetonitrile to give an adduct 7. The adduct 7 was converted 
via a reduction reaction with Fe (powder) and NH 4 C1 to give an aniline 8. At the final step, 
l-(4-chlorophenyl)-5-methylpyrazole-4-carboxylic acid (4) was treated with SOCI2 to give the 
corresponding acid chloride, which was coupled with 8 to afford Y-320. Compound 4 is now 
commercially available; however, it was derived via a ring formation reaction of phenylhydrazine HC1 
2 and an ethyl acetoacetate derivative 3. 



Scheme 1. A convergent synthetic route for Y-320. 




acid chloride 

Reagents and conditions: (a) i: NaHC0 3 /aq. EtOH, reflux; ii: aq. NaOH; (b) Et 3 N/CH 3 CN, reflux; (c) Fe, 
NH4CI/ aq. EtOH, reflux; (d) SOCl 2 /toluene; (e) aniline 8/pyridine, 40 °C. 



Pharmaceuticals 2014, 7 



4 



2.2. The General Procedure for the Synthesis ofY-320 

1- (4-Chlorophenyl)-5-methylpyrazole-4-carboxylic acid (4). 4-Chlorophenylhydrazine monohydro- 
chloride (2, 300 g), sodium hydrogen carbonate (140 g), and ethyl 2-ethyoxymethyleneacetoacetate 
(3, 312 g) prepared according to the literature [25] were added to 90% aqueous ethanol (1.2 L) and the 
reaction mixture was stirred for 3 h at a reflux temperature. To the reaction solution, sodium hydroxide 
(80 g) and water (600 mL) were added and the reaction mixture was stirred for 2 h at a reflux 
temperature and then concentrated in vacuo. The organic layer was separated with toluene and the 
aqueous layer was neutralized with cone. HC1 to afford a precipitate, which was recrystallized from 
ethyl acetate to give compound 4 as a light yellow crystalline powder. Yield: 63% (for 2 steps). Mp: 
193 °C. 'H-NMR (400 MHz, DMSO-J 6 ) 8: 2.52 (3H, s), 7.60 (4H, dd, J= 3.3, 6.6 Hz), 7.98 (1H, s), 
12.5 (1H, br). EIMS mlz 236 (M+): 219. Anal. Calcd. for C11H9CIN2O2: C, 55.83; H, 3.83; N, 11.84. 
Found: C, 55.59; H, 3.85; N, 11.89. 

2- (4-Morpholinopiperidin-l-yl)-5-nitrobenzonitrile (7). To a solution of 2-chloro-5-nitrobenzonitrile 
(5) (38.6 g) in acetonitrile (115 mL), 4-morpholinopiperidine (6) (33.4 g) and triethylamine (43.2 g) 
were added and the reaction solution was stirred for 1 h at a reflux temperature. The reaction mixture 
was quenched with a saturated NaHCCb solution and the organic layer was extracted with CHCI3 and 
was concentrated in vacuo to give compound 6 as a yellow solid (64.9 g). Yield: 97%. Mp: 103 °C. 
'H-NMR (DMSO-de) 5: 1.51-1.59 (2H, m), 1.95 (2H, d, J= 11.3 Hz), 2.25-2.61 (4H, m), 3.13 (2H, 
dd, J= 11.3, 11.7 Hz), 3.25-3.30 (1H, m), 3.59 (4H, brs), 3.98 (2H, d,J= 11.7 Hz), 7.25 (1H, d,J= 9.7 
Hz), 8.26 (1H, dd, J= 3.0, 9.7 Hz), 8.50 (1H, d, J= 3.0 Hz). EIMS mlz: 316 (M + ). Anal. Calcd. for 
Ci 6 H 2 oN 4 03: C, 60.75; H, 6.37; N, 17.71. Found: C, 60.58; H, 6.36; N, 17.54. 

5-Amino-2-(4-morpholinopiperidin-l-yl)benzonitrile (8). To a mixed solution of compound 7 (64.9 g) 
and ammonium chloride (7.4 g) in water (170 mL) and EtOH (520 mL), iron powder (40 g) was added 
gradually under vigorous stirring and the reaction mixture was stirred for further 3 h. The reaction 
mixture was filtrated with celite and the filtrate was concentrated in vacuo. The residue was 
recrystallized from aqueous MeOH to yield compound 8 as an orange powder (50.2 g). Yield: 79%. 
Mp: 174 °C. EIMS mlz: 286 (M+). 1 H-NMR (DMSO-</ 6 ) 8: 1.50 (1H, dd, J= 3.4, 11.7 Hz), 1.56 (1H, 
dd, J= 3.4, 12.2 Hz), 1.85 (2H, d, J= 11.2 Hz), 2.18-2.24 (1H, m), 2.47-2.50 (4H, m), 2.60 (1H, d, 
J= 10.2 Hz), 2.63 (1H, d, J= 11.7 Hz), 3.35-3.56 (4H, m), 5.17 (2H, brs), 6.78-6.80 (2H, m), 6.94 
(1H, d, J= 9.7 Hz). Anal. Calcd. for C16H22N4CH/IOH2O: C, 66.69; H, 7.69; N, 19.44. Found: C, 
66.55; H, 7.68; N, 19.14. 

l-(4-Chlorophenyl)-N-[3-cyano-4-(4-morphlinopiperidin-l-yl)phenyl]-5-methylpyrazole-4-carbox-amide 
(Y-320). To a suspension of compound 4 (21.2 g) in toluene, SOCl 2 (7.0 mL) was dropped and the 
reaction mixture was stirred at 60 °C for 3 h. The solvent was concentrated in vacuo to give the 
corresponding acid chloride. To this residue, a solution of compound 8 (23 g) in pyridine (200 mL) 
was added and the reaction solution was stirred at 40 °C for 3 h. An aqueous K2CO3 solution was 
poured into the reaction mixture to give a yellow precipitate, which was separated by filtration and 
purified by recrystallization from an acetone-EtOH (1:1) mixed solution to give Y-320 (37 g) as a light 
yellow powder. Yield: 92%. Mp: 260 °C/dec. 1 H-NMR (DMSO-</ 6 ) 8: 1.58 (2H, dddd, J= 3.7, 10.8, 
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11.0, 11.2 Hz), 1.90 (2H, d, J= 10.8 Hz), 2.29 (1H, tt, J= 3.7, 11,2 Hz), 2.47-2.51 (4H, m), 2.56 (3H, s), 
2.77 (2H, dd, J= 11.0, 12.2 Hz), 3.47 (2H, d, J= 12.2 Hz), 3.59 (4H, m), 7.17 (1H, d, J= 8.8 Hz), 
7.59 (2H, d, J= 9.3 Hz), 7.63 (2H, d, J= 9.3 Hz), 7.85 (1H, dd, J= 2.4, 8.8 Hz), 8.06 (1H, d, J= 2.4 Hz), 
8.30 (1H, s), 9.94 (1H, brs). IR (KBr) v: 3373, 2958, 2924, 2852, 2828, 2225, 1668, 1587, 1554, 1525, 
1500, 1309, 879, 839 cm" 1 . EIMS mlz: 505 (M+). Anal. Calcd. for C 2 7H 2 9C1N 6 0 2 : C, 64.21; H, 5.79; 
N, 16.64. Found: C, 64.07; H, 5.76; N, 16.57. 

2.3. Animals 

Inbred strains of male DBA/1 J mice were purchased from Charles River Japan (Atsugi, Kanagawa, 
Japan) and were used at 6 to 8 weeks of age. Female cynomolgus monkeys were used at 3 to 5 years 
old of ages in the experiments (Sin-Nippon Kagaku Co., Kagoshima, Japan). All animal experiments 
were performed under an experimental protocol approved the ethics review committee for animal 
experimentation of Research Division, Mitsubishi Tanabe Pharma Corporation. 

2.4. IL- 17 Production by CD4 T Cells Stimulated with IL-15 

Splenic or lymph node CD4 T cells (>95%) from DBA/1J mice were purified by passing through 
mouse CD4 subset enrichment columns (R&D Systems, Minneapolis, MN, USA) and cultured in 
RPMI 1640 medium ( Sigma- Aldrich, St Louis, MO, USA) supplemented with 10% fetal calf serum 
(FCS, Gibco BRL, Grand Island, NY, USA), 10 mM HEPES, 100 U/mL penicillin G, 60 ug/mL 
kanamycin sulfonate, and 50 uM 2-mercaptoethanol (10%FCS-RPMI 1640 medium). Murine CD4 T 
cells (5 x 10 5 cells/well) were stimulated with 100 ng/mL of recombinant mouse (rm)-IL-15 (Research 
Diagnostics Inc., Flanders, NJ, USA), 1,000 ng/mL of rm-CXC-chemokine ligand 12 (CXCL12, 
R&D Systems), and hamster anti-mouse CD3s monoclonal antibody (mAb) (clone: 145-2C11, 
plate-precoated at 1 ug/mL, BD Biosciences, San Diego, CA, USA) in 10% FCS-RPMI1640 medium 
in the presence or absence of Y-320 and cultured for 48 h at 37 °C in 5% C0 2 . In other experiments, 
human CD4 T cells (5 x 10 5 cells/well) prepared from peripheral blood of healthy volunteers were 
stimulated with recombinant human (rh) IL-15 (Genzyme/Techne, Cambridge, MA, USA) for 48 h. 
After the culture, the amounts of IL-17 in the culture supernatants were determined by enzyme-linked 
immunosorbent assay (ELISA) kit for mouse or human IL-17 (Genzyme/Techne). The amounts of 
interferon (IFN)-y and TNF-a were also determined by ELISA for mouse or human IFN-y and TNF-a 
(Genzyme/Techne). 

2.5. Generation ofThl and Thl7 Cells in Vitro 

Murine splenic CD4 T cells (10 6 cells) were stimulated with anti-CD3 mAb (10 ug/mL) and 
anti-CD28 mAb (1 ug/mL, clone: 37.51, eBiosciences, San Diego, CA, USA) in 10%FCS-RPMI 1640 
medium for 48 h under Thl7 condition: rm-IL-6 (20 ng/mL, Peprotech Inc., Rocky Hill, NJ, USA), 
rm-transforming growth factor (TGF)-pi (10 ng/mL, Peprotech), anti-IFN-y mAb (10 ug/mL, clone: 
RMMG-1, Biosourse, Camarillo, CA, USA), and rat anti-mouse IL-4 mAb (20 ug/mL, clone: 1 IB 1 1 , 
Biosource) [26,27]. Then the cells were added rm-IL-23 (5 ng/mL, R&D Systems) and cultured for 
additional 96 h. Proportions of Thl/Thl7 cells were analyzed by intracellular cytokine staining using 
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anti-mouse IFN-y and IL-17 mAbs according to the method as described previously [28,29]. The 
recovered cells (2.5 x 10 4 cells) were re-stimulated with anti-CD3 mAb plus anti-CD28 mAb for 24 h 
and IL-17 in the supernatants were determined by ELISA. 

2.6. Phosphorylation of Janus Kinase (JAK) 1 andJAK3 by IL-15 

Mouse splenic CD4 T cells (5 x 10 6 cells) were stimulated with rm-IL-15, rm-CXCL12 and 
anti-mouse CD3 mAb as described above in 10% FCS-RPMI1640 medium in the presence or absence 
of Y-320 and cultured for 48 h. After the culture, the cells were lysed with 50 mM Tris-HCl buffer 
(pH 7.5) containing 50 mM ^-glycerophosphate, 1 mM Na 3 V0 4 , 1 mM phenylmethylsulfonyl fluoride 
and 0.1% Triton X-100. The cell lysates were immunoprecipitated with rabbit anti-JAKl polyclonal 
antibody (pAb) (Santa Cruz Biotechnology, Inc., Santa Cruz, CA, USA) or rabbit anti-JAK3 antiserum 
(Upstate Biotechnology, Lake Placid, NY, USA) with protein A-agarose for 2 h at 4 °C [30,31]. Then 
the immunoprecipitates were subjected to SDS-PAGE. After transfer to PVDF membrane filters 
(Amersham Pharmacia Biotech, Uppsala, Sweden), immunob lotting of phosphorylated-JAKl 
(p-JAKl) and p-JAK3 was performed with enhanced chemiluminescemce using anti-mouse 
phosphotyrosine mAb (clone: 4G10, Upstate Biotechnology), horse radish peroxidase (HRP)-conjugated 
goat anti-mouse immunoglobulin G (IgG) (Santa Cruz Biotechnology, Inc.). Immunoblotting of JAK1 
or JAK3 was performed using anti-JAKl pAb or rabbit anti-JAK3 antiserum, respectively. 

2. 7. CIA in DBA/ 1J Mice 

CIA was induced by immunization with the 200 ug bovine type II collagen (Collagen Research 
Center) and Freund's complete adjuvant ( Sigma- Aldrich) by injecting subcutaneously into the tail base 
of DBA/1J mice, followed by a booster injection after 21 days [32-34]. In other experiments, 
chronic-progressing CIA was induced by a single immunization with 200 ug bovine type II collagen 
and Freund's complete adjuvant. Y-320 was suspended in a 0.5% hydroxypropylmethylcellulose 
(HPMC, Shinetsu Chemical Co., Tokyo, Japan) solution and administered orally. Anti-murine TNF-a 
mAb (clone: TN3-19.12, BD Biosciences) [35-37] diluted with saline was administered intravenously. 
Arthritis scores were evaluated according to the following criteria. Score 0, no change; score 1, edema 
at one joint; score 2, edema at two or more joints, or mild edema throughout the limbs; score 3, severe 
edema throughout the limbs; score 4, severe edema throughout the limbs and ankylosis [32-34]. 
The total paw thickness in four limbs was measured by using a digital caliper. On the next day of final 
administration, soft X-ray photos of the limbs were taken and joint destruction was evaluated under 
microscope according to the following criteria. Score 0, no change, score 1; one or more joint 
destructions in a finger; score 2, the morphological change of joint area in a finger. The titers of 
anti-type II collagen IgGl in the plasma were determined by ELISA using bovine type II collagen as 
an antigen and HRP-conjugated anti-mouse IgGl as a secondary antibody. In some experiments, 
mouse ankle joints were decalcified in 10% ethylenediaminetetraacetic acid, dehydrated in ethanol, 
and embedded in paraffin. Histological examinations of 6 um sections were performed by hematoxylin 
and eosin (H&E) staining and Safranin O staining. 
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2.8. CIA in Cynomolgus Monkeys 

CIA was induced by immunization with the 1 mg bovine type II collagen (Collagen Research 
Center, Tokyo, Japan) and Freund's complete adjuvant by intradermal injection into the back skin of 
cynomolgus monkeys three times with 3 -week intervals [38,39]. At 3 -week after the final 
immunization, CIA-established monkeys were selected and Y-320 suspended in 0.5% HPMC solution 
was administered orally. The paw thickness in each limb was measured by using a digital caliper and 
total paw thickness was calculated by the sum of those in four limbs. 

2.9. Real Time Polymerase Chain Reaction 

Arthritic ankle joints of CIA mice were removed and the total RNA was extracted using TRIZOL 
(Invitrogen, Carlsbad, CA, USA) and a tow-step quantitative revers transcription-polymerase chain 
reaction (RT-PCR) was performed to determine various molecules mRNA expression using a relative 
standard curve method with cellular housekeeping enzyme (glyceraldehyde 3 -phosphate 
dehydrogenase: GAPDH) as normalization control. Complementary DNA was synthesized with 
TaqMan Reverse Transcription Reagents (Applied Biosystems, Foster City, CA, USA) using random 
hexamers and 0.5 ug of total RNA. Complementary DNA was amplified with various molecules 
TaqMan probe (6-carboxyfluorecein label)/primer, cellular housekeeping enzyme TaqMan probe (VIC 
label)/primer, and TaqMan Universal PCR Master Mix in an ABI PRISM 7900 Sequence Detection 
System (Applied Biosystems). For analyses of mRNA expressions in mouse knee joints, following 
TaqMan probes/primers were used: IL-17 (Mm00439619_ml), IL-6 (Mm00446190_ml), TNF-a 
(Mm00443258_ml), and CCL2 (Mm00441242_ml). GAPDH TaqMan probe/primer was used as 
normalization control. For quantification, standard curves were generated for various molecules using 
serially diluted cDNA samples from the joints of CIA mice. The level of mRNA in every sample was 
normalized by calculating the ratio of each target molecule/GAPDH level. 

2.10. Statistical Analysis 

Results were expressed as the mean ± standard error of the mean (SEM). Statistical differences 
were calculated by Student's J-test or Dunnett's multiple comparison test. Differences between groups 
were considered significant when p < 0.05. 

3. Results and Discussion 

3.1. Y-320 Inhibits IL-1 7 Production by Murine and Human CD4 T Cells Stimulated with IL-15 

RA is characterized by accumulation of CD4 + CD45RO + memory T cells in inflamed synovium. As 
reported previously, high levels of IL-17 as well as IL-15 were detected in synovial fluid of patients 
with RA but not osteoarthritis [8]. Moreover, it has been reported that the frequency of CXC 
chemokine receptor 4 (CXCR4) expressing memory CD4 T cells is significantly elevated in synovial 
tissues in RA patients and CXCR4 expression is induced by IL-15 [40]. CXCL12, the ligand of 
CXCR4 is a chemoattractant for T cells, B cells, monocytes, and neutrophils and is expressed in RA 
synovium. In addition, CXCL12 co-stimulates proliferation of CD4 T cells by anti-CD3-activation [41]. 



Pharmaceuticals 2014, 7 



8 



Based on these findings, it is presumed that IL-15 and CXCL12 play an important role in IL-17 
production by memory CD4 T cells in RA synovium. 

In this study, we found that a significant level of IL-17 is produced by mouse CD4 T cells 
stimulated with IL-15, CXCL12 and, anti-CD3 mAb, though no detectable level of IL-17 was induced 
by IL-15 alone (Figure 2a). Under this condition, IL-17 was predominantly produced by CD62L low , 
CD44 high memory type CD4 T cells, but not naive CD4 T cells (data not shown). 

Figure 2. Y-320 inhibits IL-17 production by murine and human CD4 T cells stimulated 
with IL-15. (a) rm-IL-15 (100 ng/mL) with rm-CXCL12 and anti-CD3 mAb induces IL-17 
production by murine CD4 T cells; (b) Y-320 inhibits IL-17 production by murine CD4 
T cells stimulated with IL-15/CXCL12/anti-CD3 mAb; (c) Y-320 inhibits IL-17 production 
by murine Thl7 cells; (d) rh-IL-15 induces IL-17 production by human CD4 T cells; 
(e) Y-320 inhibits IL-17 production by human CD4 T cells stimulated with IL-15 
(100 ng/mL); (f) Y-320 inhibits phosphorylation of JAK1/JAK3 in murine CD4 T cells 
stimulated with IL-15/CXCL12/anti-CD3 mAb. Results were expressed as the mean ± SEM 
of triplicated determination. * p < 0.05, ** p < 0.01 (Dunnett's multiple comparison test). 



(a) (b) _ (c) 




(d) (e) (f) 




rh-IL-15 (ng/ml) Y-320 (nM) Y-320 (nM) 



Y-320 at 10 nM or higher significantly inhibited IL-17 production of murine CD4 T cells stimulated 
with IL-15, CXCL12, and anti-CD3 mAb in a dose-dependent manner with IC50 values of 25.7 nM 
(Figure 2b). Under this experimental condition, significant levels of IFN-y and TNF-a as well as 
IL-17 were produced by mouse CD4 T cells. Y-320 also inhibited the production of IFN-y and TNF-a 
by mouse CD4 T cells stimulated with IL-15, CXCL12, and anti-CD3 mAb; however Y-320 showed 
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20- to 50-fold more potent inhibitory effect on IL-17 production than IFN-y or TNF-a production (data 
not shown). In addition, our preliminary data suggest that Y-320 did not affect the production of IL-6 
or TNF-a by mouse macrophages stimulated with lipopolysaccharide (data not shown). Based on these 
results, we focused on the effects of Y-320 on IL-17 production by mouse or human CD4 T cells. 

As shown in Figure 2c, Y-320 inhibited IL-17 production by Thl7 cells with IC50 value of 52.4 nM 
in a dose-dependent manner. On the other hand, this compound did not affect generation of Thl7 cells 
from murine naive CD4 T cells under the Thl7 condition (in the presence of IL-6, TGF-[31, and IL-23) 
(data not shown). In human peripheral blood CD4 T cells, a significant level of IL-17 was produced by 
stimulation with rh-IL-15 (3 to 100 ng/mL). Y-320 (10 to 300 nM) significantly inhibited IL-17 
production by human CD4 T cells stimulated with rh-IL-15 (100 ng/mL) with an IC50 value of 
57.4 nM (Figure 2d). These results clearly indicate that Y-320 inhibits IL-17 production from murine 
and human CD4 T cells including Thl7 cells and memory type CD4 T cells stimulated with IL-15. 

It has been known that IL-15 binding to IL-15R complex induces phosphorylation of both JAK1 
and JAK3 [29,30]. Y-320 at 30 nM or higher significantly inhibited the phosphorylation of JAK 1 and 
JAK3 with IC50 values of 15.7 and 13.5 nM, respectively (Figure 2f). On the other hand, Y-320 up to 
300 nM did not affect the activities of more than 30 kinds of kinases including JAK1, JAK2, JAK3, 
p38 mitogen-activated protein kinase and protein kinase C (data not shown). These results suggest that 
the inhibition of JAK phosphorylation by Y-320 is not mediated by its direct inhibition of enzyme 
activity. Further studies are necessary to understand the molecular mechanism of action of Y-320. 

3.2. Y-320 Ameliorates CIA in Mice with a Reduction of IL-I 7 mRNA in Arthritic Joints 

Because Y-320 effectively inhibits IL-17 production by mouse CD4 T cells in vitro, we examined 
therapeutic potential of Y-320 on CIA in DBA/1 J mice. CIA was induced by immunization with type 
II collagen and Freund's complete adjuvant on day 0 and 21. Y-320 was administered orally every day 
for 42 days from the day of primary immunization. In the control group, arthritis scores started to 
increase gradually from 3 days after the booster immunization, reaching a maximum level of 10.2 at 
36 days after primary immunization and thereafter (Figure 3a). Prophylactic administration of Y-320 at 
0.3 mg/kg or higher significantly inhibited the development of CIA and the increase in paw thickness 
in a dose-dependent manner (Figure 3b). Furthermore, Y-320 (0.3 mg/kg or higher) significantly 
inhibited joint destructions in a dose-dependent manner (Figure 3c) and reduced the titers of anti-type 
II collagen IgGl in the plasma of CIA mice (Figure 3d). On the next day of final administration, we 
performed histological examinations of arthritic ankle joints in CIA mice. Figure 3e shows typical data 
of H&E staining and Safranin O staining of joints in normal mice, CIA mice (arthritis control), and 
CIA mice treated with Y-320 at 1 mg/kg for 6 weeks. We observed erosion of cartilage and bone and 
infiltration of inflammatory cells including lymphocytes and neutrophils in the joints of CIA mice. 
Our histological examinations revealed that treatment with Y-320 appeared to improve inflammation 
and damage in the arthritic ankle joints in CIA mice. 
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Figure 3. Prophylactic administration of Y-320 inhibits CIA in DBA/1 J mice. Y-320 was 
administered orally to mice from the day of primary immunization for 6 weeks, 
(a) Arthritis score; (b) Joint swelling; (c) Joint destruction score; (d) Anti-type II collagen 
(CII) IgGl in the plasma. Results were expressed as the mean ± SEM of 10 mice. 
* p < 0.05, ** p < 0.01 (Dunnett's multiple comparison test); (e) H&E staining and 
Safranin O staining. 
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On the next day of final administration, mRNA expressions of pro-inflammatory cytokines in 
arthritic ankle joints were examined by real time RT-PCR. The mRNA levels of IL-17, IL-6, CCL2, 
and TNF-a were markedly elevated in the arthritic ankle joints in control CIA mice. Administration of 
Y-320 (0.3 and 1 mg/kg) resulted in a significant reduction of mRNA levels of IL-17, IL-6, and CCL2, 
(Figure 4a-c), whereas it showed a relatively weak reduction of TNF-a mRNA level (Figure 4d). 
Similarly, treatment with anti-mouse TNF-a mAb showed significant reduction of mRNA levels of 
IL-6 and CCL-2 but did no significant reduction of IL-17 mRNA level (data not shown). These results 
strongly suggest that Y-320 ameliorates CIA in mice by inhibiting IL-17 production by antigen-specific 
CD4 T cells and that mode of action of Y-320 is different from that of anti-TNF-a therapy. 

Figure 4. The mRNA expressions of pro-inflammatory cytokines in the arthritic joints of 
CIA mice treated with Y-320. Y-320 was administered orally to mice from the day of 
primary immunization for 6 weeks, (a) IL-17 mRNA; (b) IL-6 mRNA; (c) CCL2 mRNA; 
(d) TNF-a mRNA. Results were expressed as the mean ± SEM of 4 mice. * p < 0.05, 
** p < 0.01 (Dunnett's multiple comparison test). * p < 0.05, **p < 0.01 (Student's f-test). 
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3.3. Y-320 Shows Therapeutic Effects and a Synergistic Effect in Combination with Anti-TNF-a mAb 
on Chronic-Progressing CIA in Mice 

Next, we examined the therapeutic effect of Y-320 on chronic-progressing CIA induced by a single 
immunization with type II collagen and Freund's complete adjuvant to DBA/1J mice. Eight weeks 
after the immunization, Y-320 was therapeutically administered to CIA-established mice for 8 weeks. 
In the control group, arthritis score increased gradually from 8 to 14 weeks, reaching a plateau mean 
value of approximately 9.0 at 14 weeks after the immunization and thereafter. The increase in arthritis 
score was significantly inhibited in the groups given 0.3 mg/kg or higher doses of Y-320. Especially, at 
1 and 3 mg/kg, the increase in arthritis score was almost completely inhibited and the value of arthritis 
score at post-administration of Y-320 was maintained to the similar level of pre-administration. 
Similarly, the swelling of paws was significantly inhibited in the groups given 0.3 mg/kg or higher 
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doses of Y-320, and the paw thickness in the groups given Y-320 at 1 and 3 mg/kg remained almost 
unchanged from the values showed pre-administration with the swelling being prevented almost 
completely. The joint destruction scores evaluated on the next day of final administration were 
significantly lower in the group given Y-320. These results indicate that Y-320 at oral doses of 0.3 to 
3 mg/kg shows a significant therapeutic effect in chronic progressing CIA in DBA/1 J mice (Figure 5a). 

It has been reported that the progression of CIA in mice was markedly inhibited by treatment with 
anti-murine TNF-a mAb, TN3-19.12 [35-37]. In this study, we examined the concomitant effect of 
Y-320 with anti-murine TNF-a mAb, TN3-19.12 on chronic-progressing CIA in DBA/1J mice. The 
arthritis scores in the monotherapy group given Y-320 at 0.3 mg/kg orally or anti-TNF-a mAb 
150 ug/mice intravenously were significantly lower as compared with control group. The arthritis 
scores and joint destruction scores in the concomitant groups given Y-320 with anti-TNF-a mAb were 
significantly lower when compared with each monotherapy group (Figure 5b). These results suggest 
that therapeutic administration of anti-TNF-a mAb in combination with Y-320 shows a synergistic 
effect on chronic-progressing CIA in mice. 

Figure 5. Therapeutic administration of Y-320 ameliorates chronic-progressing CIA in 
DBA/1 J mice, (a) Y-320 was administered orally for 8 weeks; (b) Y-320 was administered 
orally for 4 weeks and anti-murine TNF-a mAb was given by a single intravenous 
injection. Results were expressed as the mean ± SEM of 12 mice. * p < 0.05, ** p < 0.01 
[(a): Dunnett's multiple comparison test; (b): Student's 7-test]. 
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3.4. Y-320 Shows Therapeutic Effects on CIA in Cynomolgus Monkeys 



Because Y-320 had a relatively higher bioavailability in mice and monkeys (data not shown), we 
examined the therapeutic effects of Y-320 on CIA in cynomolgus monkeys. After immunization with 
type II collagen and Freund's complete adjuvant, CIA-established monkeys were selected and used for 
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therapeutic administration of Y-320. In vehicle-treated control groups, joint swelling was maintained 
during the administration period. Therapeutic administration of Y-320 at an oral dose of 1 mg/kg 
showed a significant reduction of joint swelling as compared with control group. Furthermore, 
therapeutic administration of Y-320 (0.3 and 1 mg/kg, orally for 12 weeks) showed a significant and 
dose-dependent inhibition of joint swelling in monkey CIA (Figure 6). 

Figure 6. Therapeutic administration of Y-320 ameliorates CIA in cynomolgus monkeys. 
Y-320 was administered orally to monkeys from 9-week after primary immunization for 
12 weeks, (a) Y-320 at 1 mg/kg showed a significant reduction of joint swelling; (b) Y-320 
(0.3 and 1 mg/kg) showed a significant and dose-dependent inhibition of joint swelling. 
Results were expressed as the mean ± SEM of 12 monkeys. * p < 0.05, ** p < 0.01 
[(a): Student's *-test; (b): Dunnett's multiple comparison test]. 
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4. Conclusions 

IL-15 and IL-17 are thought to play an important role in the pathogenesis of RA and related 
autoimmune diseases. In the research for a new orally active immunomodulator, we discovered Y-320, 
a phenylpyrazoleanilide which inhibits IL-15-induced proliferation of murine T cells. In this study, we 
found that Y-320 inhibits IL-17 production by IL-15 -stimulated CD4 T cells, including Thl7 cells and 
memory type CD4 T cells in mice and humans. Therapeutic administration of Y-320 improved arthritic 
symptoms, joint swelling, and joint destruction in mouse CIA and showed a synergistic effect in 
combination with anti-TNF-a mAb. Furthermore, Y-320 effectively ameliorated CIA in cynomolgus 
monkeys. Based on these findings, Y-320 that targets IL-15 and IL-17 could provide a new useful 
therapy for RA and related autoimmune diseases. 

Acknowledgments 

The authors thank Takanori Oe, Yoichiro Naito, and Naoki Sugiyama for their excellent support 
and fruitful discussion in chemistry. We are grateful to Yukio Hoshino, Noriko Sato, Yoshio Harada, 
Toshio Hashimoto, and Masatoshi Kashima for their excellent collaboration and assistance in 
pharmacology studies. 



Pharmaceuticals 2014, 7 



14 



Conflicts of Interest 

The authors declare no conflict of interest. 
References 

1. Mclnnes, I.B.; Schett, G. Cytokines in the pathogenesis of rheumatoid arthritis. Nat. Rev. Immunol. 
2007, 7, 429-442. 

2. Oppenheimer-Marks, N.; Brezinschek, R.I.; Mohamadzadeh, M.; Vita, R.; Lipsky, P.E. 
Interleukin 15 is produced by endothelial cells and increases the transendothelial migration of 
T cells in vitro and in the SCID mouse-human rheumatoid arthritis model in vivo. 
J. Clin. Investig. 1998, 101, 1261-1272. 

3. Carroll, H.P.; Paunovic, V.; Gadina, M. Signalling, inflammation and arthritis: Crossed signals: 
The role of interleukin- 15 and -18 in autoimmunity. Rheumatology 2008, 47, 1269-1277. 

4. Grabstein, K.H.; Eisenman, J.; Shanebeck, K.; Rauch, C; Srinivasan, S.; Fung, V.; Beers, C; 
Richardson, J.; Schoenborn, M.A.; Ahdieh, M. Cloning of a T cell growth factor that interacts 
with the P chain of the interleukin-2 receptor. Science 1994, 264, 965-968. 

5. Giri, J.G.; Kumaki, S.; Ahdieh, M.; Friend, D.J.; Loomis, A.; Shanebeck, K.; DuBose, R.; 
Cosman, D.; Park, L.S.; Anderson, D.M. Identification and cloning of a novel IL-15 binding 
protein that is structurally related to the chain of the IL-2 receptor. EMBO J. 1995, 14, 
3654-3663. 

6. Mclnnes, LB.; Al-Mughales, J.; Field, M.; Leung, B.P.; Huang, F.-P.; Dixon, R.; Sturrock, R.D.; 
Wilkinson, P.C.; Liew, F.Y. The role of interleukin- 15 in T-cell migration and activation in 
rheumatoid arthritis. Nat. Med. 1996, 2, 175-182. 

7. Mclnnes, LB.; Leung, B.P.; Sturrock, R.D.; Field, M.; Liew, F.Y. Interleukin- 15 mediates 
T cell-dependent regulation of tumor necrosis factor-a production in rheumatoid arthritis. 
Nat. Med. 1997, 3, 189-195. 

8. Ziolkowska, M.; Koc, A.; Luszczykiewicz, G.; Ksiezopolska-Pietrzak, K.; Klimczak, E.; 
Chwalinska-Sadowska, FL; Maslinski, W. High levels of IL-17 in rheumatoid arthritis patients: 
IL-15 triggers in vitro IL-17 production via cyclosporine A-sensitive mechanism. J. Immunol. 
2000, 164, 2832-2838. 

9. Ruchatz, H.; Leung, B.P.; Wei, X.; Mclnnes, LB.; Liew, F.Y. Soluble IL-15 receptor a-chain 
administration prevents murine collagen- induced arthritis: A role for IL-15 in development of 
antigen-induced immunopathology. J. Immunol. 1998, 160, 5654-5660. 

10. Ferrari-Lacraz, S.; Zanelli, E.; Neuberg, M.; Donskoy, E.; Kim, Y.S.; Zheng, X.X.; 
Hancock, WW.; Maslinski, W.; Li, X.C.; Strom, T.B.; et al. Targeting IL-15 receptor-bearing 
cells with an antagonist mutant IL-15/Fc protein prevents disease development and progression in 
murine collagen-induced arthritis. J. Immunol. 2004, 173, 5818-5826. 



Pharmaceuticals 2014, 7 



15 



11. Baslund, B.; Tvede, N.; Danneskiold-Samsoe, B.; Larsson, P.; Panayi, G.; Petersen, J.; 
Petersen, L.J.; Beurskens, F.J.M.; Schuurman, J.; van de Winkel, J.G.J. ; et al. Targeting 
interleukin-15 in patients with rheumatoid arthritis. A proof-of-concept study. Arthritis Rheum. 
2005, 52, 2686-2692. 

12. Halvorsen, E.H.; Stronen, E.; Hammer, H.B.; Goll, G.L.; Sollid, L.M.; Molberg, 0. Interleukin-15 
induces interleukin-17 production by synovial T cell lines from patients with rheumatoid arthritis. 
Scand. J. Immunol. 2011, 73, 243-249. 

13. Kolls, J.K.; Linden, A. Interleukin-17 family members and inflammation. Immunity 2004, 21, 
467-476. 

14. Aggarwal, S.; Ghilardi, N.; Xie, M.H.; de Sauvage, F.J.; Gurney, A.L. Interleukin-23 promotes a 
distinct CD4 T cell activation state characterized by the production of interleukin-17. 
J. Biol. Chem. 2003, 278, 1910-1914. 

15. Nakae, S.; Saijo, S.; Horai, R.; Sudo, K.; Mori, S.; Iwakura, Y. IL-17 production from activated 
T cells is required for the spontaneous development of destructive arthritis in mice deficient in 
IL-1 receptor antagonist. Proc. Natl. Acad. Sci. USA 2003, 100, 5986-5990. 

16. Langrish, C.L.; Chen, Y.; Blumenschein, W.M.; Mattson, J.; Basham, B.; Sedgwick, J.D.; 
McClanahan, T.; Kastelein, R.A.; Cua, D.J. IL-23 drives a pathogenic T cell population that 
induces autoimmune inflammation. J. Exp. Med. 2005, 201, 233-240. 

17. Park, H.; Li, Z.; Yang, X.O.; Chang, S.H.; Nurieva, R.; Wang, Y.H.; Wang, Y.; Hood, L.; Zhu, Z.; 
Tian, Q.; et al. A distinct lineage of CD4 T cells regulates tissue inflammation by producing 
interleukin ll.Nat. Immunol. 2005, 6, 1133-1141. 

18. Steinman, L. A brief history of TH17, the first major revision in the TH1/TH2 hypothesis of 
T cell-mediated tissue damage. Nat. Med. 2007, 13, 139-145. 

19. Fossiez, F.; Djossou, O.; Chomarat, P.; Flores-Romo, L.; it-Yahia, S.; Maat, C; Pin, J.J.; 
Garrone, P.; Garcia, E.; Saeland, S.; et al. T cell interleukin-17 induces stromal cells to produce 
proinflammatory and hematopoietic cytokines. J. Exp. Med. 1996, 183, 2593-2603. 

20. Nakae, S.; Nambu, A.; Sudo, K.; Iwakura, Y. Suppression of immune induction of collagen-induced 
arthritis in IL-17-deficient mice. J. Immunol. 2003, 171, 6173-6177. 

21. Miossec, P. IL-17 in rheumatoid arthritis: A new target for treatment or just another cytokine? 
Joint Bone Spine 2004, 71, 87-90. 

22. Lubberts, E.; Schwarzenberger, P.; Huang, W.; Schurr, J.R.; Peschon, J.J.; van den Berg, W.B.; 
Kolls, J.K. Requirement of IL-17 receptor signaling in radiation-resistant cells in the joint for full 
progression of destructive synovitis. J. Immunol. 2005, 175, 3360-3368. 

23. Ushio, H.; Ishibuchi, S.; Adachi, K.; Oshita, K.; Chiba, K. Phenylpyrazoleanilides as a potent 
inhibitor of IL-1 5 dependent T cell proliferation. Part 1: A new class of orally available 
immunomodulators. Lett. Drug Des. Discov. 2008, 5, 1 1 1-115. 

24. Ushio, H.; Adachi, K.; Oshita, K.; Chiba, K. Phenylpyrazoleanilides as potent inhibitor of IL-15 
dependent T cell proliferation. Part 2: Discovery of a new drug candidate, Y-320. Lett. Drug 
Des. Discov. 2008, 5, 292-296. 

25. Doleschall, G.; Seres, P. Isoxazole-Oxazole Conversion by Beckmann Rearrangement. J. Chem. 
Soc. Perkin Trans. 71988, 7, 1875-1879. 



Pharmaceuticals 2014, 7 



16 



26. Bettelli, E.; Carrier, Y.; Gao, W.; Korn, T.; Strom, T.B.; Oukka, M.; Weiner, H.L.; Kuchroo, V.K. 
Reciprocal developmental pathways for the generation of pathogenic effector TH17 and 
regulatory T cells. Nature 2006, 441, 235-238. 

27. Li, M.O.; Wan, Y.Y.; Flavell, R.A. T cell-produced transforming growth factor-pi controls T cell 
tolerance and regulates Thl- and Thl7-cell differentiation. Immunity 2007, 26, 579-591. 

28. Maeda, Y.; Seki, N.; Sato, N.; Sugahara, K.; Chiba, K. Sphingosine 1-phosphate receptor type 1 
regulates egress of mature T cells from mouse bone marrow. Int. Immunol. 2010, 22, 515-525. 

29. Chiba, K.; Kataoka, H.; Seki, N.; Shimano, K.; Koyama, M.; Fukunari, A.; Sugahara, K.; 
Sugita, T. Fingolimod (FTY720), sphingosine 1-phosphate receptor modulator, shows superior 
efficacy as compared with interferon-^ in mouse experimental autoimmune encephalomyelitis. 
Int. Immunopharmacol. 2011, 11, 366-372. 

30. Anderson, D.M.; Kumaki, S.; Ahdieh, M.; Bertles, J.; Tometsko, M.; Loomis, A.; Giri, J.; 
Copeland, N.G.; Gilbert, D.J.; Jenkins, N.A.; et al. Functional characterization of the human 
interleukin-15 receptor a chain and close linkage of IL-15RA and IL-2RA genes. J. Biol. Chem. 
1995, 270, 29862-29869. 

31. Kumaki, S.; Ishii, N.; Minegishi, M.; Tsuchiya, S.; Cosman, D.; Sugamura, K.; Konno, T. 
Functional role of interleukin-4 (IL-4) and IL-17 in the development of X-linked severe combines 
immunodeficiency. Blood 1999, 93, 607-612. 

32. Paska, W.; McDonald, K.J.; Croft, M. Studies on type II collagen induced arthritis in mice. 
Agents Actions 1986, 18, 413-420. 

33. Nemoto, K.; Mae, T.; Abe, F.; Takeuchi, T. Successful treatment with a novel 
immunosuppressive agent, deoxyspergualin, in type II collagen-induced arthritis in mice. 
"Immunomodulating Drugs" Ann. N. Y. Acad. Sci. 1993, 685, 148-154. 

34. Kamada, FL; Nakagami, K. Effect of mizoribine on collagen-induced arthritis in mice. 
Jpn. J. Pharmacol. 1996, 70, 169-175. 

35. Williams, R.O.; Mauri, C; Mason, L.J.; M-Mutafchieva, L.; Ross, S.E.; Feldmann, M.; Maini, RN. 
Therapeutic actions of cyclosporine and anti-tumor necrosis factor a in collagen-induced arthritis 
and the effect of combination therapy. Arthritis Rheum. 1998, 41, 1806-1812. 

36. Williams, R.O.; M-Mutafchieva, L.; Feldmann, M.; Maini, R.N. Evaluation of TNF-a and IL-1 
blockade in collagen-induced arthritis and comparison with combined anti-TNF-a/anti-CD4 
therapy. J. Immunol. 2000, 165, 7240-7245. 

37. M-Mutafchieva, L.; Williams, R.O.; Mauri, C; Mason, L.J.; Walmsley, M.J.; Taylor, P.C.; 
Feldmann, M.; Maini, R.N. A comparative study into the mechanisms of action of anti-tumor 
necrosis factor a, anti-CD4, and combined anti-tumor necrosis factor a/anti-CD4 treatment in 
early collagen-induced arthritis. Arthritis Rheum. 2000, 43, 638-644. 

38. Yoo, T.J.; Kim, S.-Y.; Stuart, J.M.; Floyd, R.A.; Olson, G.A.; Cremer, M.A.; Kang, A.H. 
Induction of arthritis in monkeys by immunization with type II collagen. J. Exp. Med. 1988, 168, 
777-782. 

39. Terato, K; Arai, FL; Shimozuru, Y.; Fukuda, T.; Tanaka, H.; Watanabe, H.; Nagai, Y.; 
Fujimoto, K; Okubo, F.; Cho, F.; et al. Sex-linked differences in susceptibility of cynomolgus 
monkeys to type II collagen-induced arthritis. Arthritis Rheum. 1989, 32, 748-758. 



Pharmaceuticals 2014, 7 



17 



40. Nanki, T.; Hayashida, K.; El-Gabalawy, H.S.; Suson, S.; Shi, K.; Girschick, H.J.; Yavuz, S.; 
Lipsky, P.E. Stromal cell-derived factor-l-CXC chemokine receptor 4 interactions play a central 
role in CD4 + T cell accumulation in rheumatoid arthritis synovium. J. Immunol. 2000, 165, 
6590-6598. 

41. Nanki, T.; Lipsky, P.E. Stromal cell-derived factor-1 is a costimulator for CD4 + T cell activation. 
J. Immunol. 2000, 164, 5010-5014. 

© 2013 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access article 
distributed under the terms and conditions of the Creative Commons Attribution license 
(http://creativecommons.Org/licenses/by/3.0/). 



